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The  direct  tcclmiquo  of  immunofluorescence  was  usod  to  observe  the 
vaccinal  virus  in  fibroblast  colls  of  human  embryo,  In  KeLa  and  KB  cells* 

Tho  fluorescent  antic-.n  appears  in  the  Ha La  cells  6  hours  after  in¬ 
fection,  and  in  the  human  ertbryo  fibroblast  colls  ami  KB  colls  after  8  hours, 
before  tho  histopatholocical  nodi fic.-.v ions  which  appear  only  after  12-18 
hours* 


The  Lnfoctin/J  virus  ’.:«3  detected  18  h'.urs  after  the  innoculation  and 
tho  herviclutinant  property  *ftcr  u3  hours. 


Tiw  appear' nco  and  ovolutlon  of  tho  vaccinal  antigen  in  cellular 
cultures  was  followed  by  net. ns  of  iTBunofluorcsccneo  on  tho  whole  vaccinal 
anticen  ft  ’  15  5  !6  •  ill  ;(*2  J,as  voll  as  on  its  thcmolabile  protoin  fractions 
{anticen  L),  i-.c rr.os table  protein  fractions  (antigen  S),  the  nuclooprotoic 
fraction  (r.nticcr.  HP),  and  on  tho  henuclutijv»nt  lipoprotoic  fi-action  (anti¬ 
gen  H).  /9/.  The  work  ’.as  carried  out  on  several  collular  cultures  such  as 
HcLa  cells  /?/, X3  cells,  epidermal  cells  of  la»7nx  cancer/ll/,  huian  fibro¬ 
blasts  /f|/,  rabitt  cornna  , an*.  hvman  e-  idcncus  (vaccino  and  variola)  /V* 
The  results  varied  according  to  tho  v/orkinc  conditions  (cells,  viral  strain, 
strength  of  the  inr.ocxdatinc  :vj.torial,  etc*) 

In  tho  folio- :inc  article  we  will  attest  a  conraratdve  study  of  the 
apfcarr.nce  ard  evolution  of  the  vaccinal  antigen  in  soronil  types  of  cells 
innoculatod  under  identical  working  conditions  and  following,  in  general, 
the  his  tope  tholojical  aspect,  the  hcnarlutinant  property  of  the  culture 
liquid  and  of  the  homogenate  in  the  experimental  cells* 
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Mato  rial  nr.1  Method 


OoHu\ar  Cultures.  ’.'o  lvavc  ujcd  primary  culturos  of  human  embryo  as 
'*11  *8  Hola  ar.d  r3  strains,  cultured  on  Bcrslct  tubes  with  lamella*. 

Tho  culture  media  voro  these  currently  used  by  the  Institute  of  Infra- 
nicrobiolory  /V. 

Virus.  Ito  used  a  demavaccinc  strain  /V  adapted  to  human  embryo 
fibroblast. 

Tho  cellular  cultures  wore  innocula'.od  with  virulent  culturo  liquid 
which  contained  100  DlC^^/nilliliter.  Tho  innoculated  and  the  blank  tubes 
wore  examined  at  li, 6, 8, 17,16, 20,214, 30,b6»  and  72  hours  after  infootion. 

The  direct  technique  of  innunofluor: sconce  was  ur.od.  Antlvaccinal 
antibodies  wore  obtained  from  tho  serum  of  ono  man  who  was  repoaUdly  vacci¬ 
nated  and  .  ovacci;u  ted  /L/« 

The  techniques  of  coupling  tho  eaTaglobulino*  'dth  fluorochron  as 
well  as  tho  techniques  user  In  fixing,  dyeing,  and  examining  the  substances 
have  been  dcscribod  in  previous  publications./!}/* 

For  tho  study  of  cellular  hlstopatholcyi?*!  modifications  the  culturo 
bearing  lamilLas  were  rccwved  fror.  the  Sars’ti  tubes  at  the  above  mentioned 
intervals  and  dyad  with  horotojvlin-phloxin./i,/. 

In  the  henaglutination  roaction,  binary  dilutions  uoro  made  from  tho 
culture  media  removed  from  tubos  infccte-l  or  blank  cellular  cultures 
after  previous  concclation-deccngclation  and  contrifuention.  The  reaction 
carried  out  in  the  presence  of  a  0.5*  suspension  of  chicken  rod  blood  cor¬ 
puscles,  was  read  after  the  material  vas  kept  for  90  minutes  at  37aC, 

Tho  infectious  potential  of  the  culture  was  studied  by  innoculatlon 
of  human  ohbryo  fibroblast  colls  with  the  culturo  liquid  nnd  with  the  cel¬ 
lular  hcctajcsats  resulted  from  infected  culturos  which  were  lurainaUd  at 
the  intervals  previously  mentioned. 

Results 

a)  Irr-ainofluorosetnce.  Tho  appearance  and  distribution  of  the  viral 
antieon  in  the  various  colls  infected  with  the  vaccino  vims  follows.  In  go- 
neral,  tho  same  stages  but  wo  can  note  some  difference*  according  to  the 
kind  of  lnfcchod  ceils,  as  follows t 

In  the  human  enbryo  fibroblast  colls,  tho  first  appearance  of  virus 
anticen  detectable  by  irrtunofluoro  sconce  cccurod  8  hours  after  Infection. 

Tho  antigen  appeared  in  a  fow  scattorod  cell*,  especially  in  small  alto  cell*, 
a*  very  fin*  fluorescent  granules  localised  in  ths  cytoplasm  in  the  immediate 
vicinity  of  tho  nucleus.  lAtsr,  the  number  of  antigen  containing  cells 
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incromccj.  After  1-  hours  c.v.c  cell:,  chou  V.'C  presence  or  ft  largo  number  of 
bi."'cr  fluorescent  ci'.'nulns,  so -.2  br'o  .ml  bully  01*  evon  compact  fluorescent 
lucres,  loci'  ir.c.l  in  v>:  ».  •  lopl.mm  ?wi.n'l  tV»  nu clous  or  in  aono  cytoplasmic 
c;;*en*.im.i.  After  labours,  tin  f '.v.orasc  *nl  r.isses  include  almost  tho  on- 
tire  cytO;'lr.;::\  (Fig.  1)*  ‘.tore  ani  *V.-ro,  they  a  *e  bunched  around  or  at  tho 
interior  of  a  round  or  oval  shrpo.l  f<v  atim,  y  .cbaUly  corresponding  to  tho 
fate  re  cy  1 0.  .las.-.tc  inclusions,  Lu-.  t'v'  vim  is  anti  pen  is  also  ;roocnt  oufc. 

3 ‘.dr  Lhasa  i.’css  and  snroad  throw  ph  u.2  re;.*.  0;*  tho  cytoplasm.  Tho  nucloi 
of  sc.-.c  col's  start  showing  a  difu'c  f  Luo  rose- *neo.  At  2f»  hours  and  especial¬ 
ly  at  13  hours  the  cells  are  profoundly  c'.r.n~ed  an.l  totally  and  intensly 
fluoroscer.t.  uio  substanco  she. .3  intensly  fluorescent  amorphous  cellular 
re  ruins. 


In  the  he  La  cells,  the  appeanneo  of  the  viral  anticon  occured  6  hours 
aftor  infgc  ‘i-n  in  the  form  of  a  dLfuao  cm  very  finely  granulated  fluorescence 
of  the  perinuclear  cytoplasm. 

At  3  ‘.-.ours,  the  granular  fluorescent  material  starts  to  aggregate, 
especially  that  ’.:.ic:i  i:;  around  the  nucleus.  In  sous  colls  the  nucleus  is 
visible,  bus  it  is  difficult  to  clrt;r*j.nc  uothor  it  shovs  an;'  viral  antigen 
of  its  gin.  At  12  hours  (Pi*.  2),  :nry  ciiln  show  intense  granular  fluores- 
cor.co  of  the  cytoplasm,  -.rith  more  aggragntion  artund  the  nucleus  or  in  the 
fom  of  cor.so  fluorescent  masses  *.:hich  seen  to  represent  the  future  intra- 
cytcpiaa.-vlc  inclusions  .Few  svneytions  •••ore  noticed  a  3  voll  as  cells  with  2-1* 
ruclei.  At  21.  hours  tho  cells  arc  profoundly  modified  and  aeon  included  in 
an  amorphous  fluorescent  ;us3.*.*hich  starts  looking  like  a  builqr  intercel¬ 
lular  cement.  (Fie  3). 

Ir.  tho  lie  cells  tic  vitvA  inti~cn  appears  tcv:ard  Ihe  eighth  hour 
as  a  fir.e  cytoplasmic  fluorescence.  Xn  the  nuclous  of  the  colls  ono  can  dis¬ 
tinguish  cVv.rly  1-2  inronsty  fluo-cir.ccr.t  points  'hi eh  cov\ld  be  nucleoli. 

At  12  hours  irwunof  iuorcscor.ce  becor.es  r.oro  visible,  tut  also  in  a  fine 
Crr.nuWr  fc.n.  /. t  20  hours  th:  c:lls  shorn  an  intense  fluorescence  of  the 
cytoplasm  (Fig  li).  A  nan'; or  of  nuclei  show  dense,  veil  defined  fluorescont 
rus  os.  At  2!i  hours  she  colls  aru  nodifiedj  some  of  them  appear  as  bulky 
rin^s  intensly  fluorescent. 

b)  liisiopathological  Modifications.  On  notarial  dyed  with  heneto.iylin- 
phiojun,  t.o  cellular  modificatioru  arc  detectable  after  16-18  hours.  A 
ns r lead  tendency  for  multiplication  of  tho  cells  is  made  obvious  by  the  pre¬ 
sence  of  numerous  nitosca.  Colls  with  2-3  nuclei  appear,  as  well  as  few 
syncytial  formations,  The  sha;>o  of  the  nuclei  is  changed,  they  ero  pushed 
tomrd  the  p:ripheiy  of  tho  coll  an  l  the  ehrenatin  is  concentrated  in  big 
lumps.  In  the  vicinity  of  the  nuclei  ve  noticed  the  presence  of  oxyphile 
f«rxtion3,  well  defined  inclusions  surrounded  by  a  fino  halo.  After  2li 
hours  the  I03  iens  ire  more  pronounced  and  after  1*3  hours  tho  cellular  fabrio 
shows  nuncrcas  spacos  in  which  are  located  round  cells  with  plcaotlc  nuclei. 

In  t*uj  ;!ola  and  V3  cells  the  appoaranco  of  the  lea  ions  occurs  ear?  .*  ir. 
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At  12-16  houra  one  cm  notice  '.V  -.v.  ranee  or  so:*  lnigor  volwio  colls  .1th 
several  nuclei;  at  this  intc  v.‘  o;vt  can  nl?o  notice  round  cells  profoundly 
modified.  At  20-?li  hours  tho  col) a  «vo  crowded  topothor  in  piles  and  at  U8 
houra  the  entire  cellular  was  ia  affected. 

.  ^iC  ajuoaranco  of  the  inclusions  is  noticed  in  tho  porlnucloar  tone 
16-13  hours  after  infection  and  err.  occur  either  in  cells  with  nomal  as- 
pact  or  in  the  niddlc  of  tho  nuclei  crown  which  foma  tho  syncytions* 

c)  Tho  hcnaglutination  reaction  carriod  out  with  non-infocted  colls 
has  civon  negative  Results,  cvorytir.o. 

In  human  cnhiyo  fibroblast  cultures  innoculatod  with  vaccinal 
virus  "tie  reaction  became  positive  nt  very  low  titvo/1  11  at  l»8  hours 
after  Infection.  ilT  *“  ST  * 

Later,  tho  hciu?clulinant  titro  lncrcasaa  up  to  1  • 

16 

In  tho  HaLa  and  K£  cultui'os  innoculated  with  vaccinal  virus,  tha  ap» 
paanmea  of  hcmclutin  was  noticed  at  the  save  tines  as  in  tha  fibroblast 
calls  and  tha  honaglutinant  titro  was  higher  /  1  1  ) 

Tho  innoculation  of  !iu.wn  embryo  cellular  cultures  with  tho  culture 
liquid  an!  vith  the  cellular  honogon*. to  lr.  order  to  .Intact  tho  noifly  formed 
infecting  virus  has  Riven  negative  results  in  tho  first  12  hours  after  in- 
noculaticn*  The  first  positive  results  were  obsei-ved  in  cultures  terminated 
at  16  hours  aftar  infoction. 

Discussions* 

Tho  appearance  of  tho  viral  antigen  scens  to  take  place  a  little 
earlier  in  the  JIcLa  colls  than  in  the  humor.  embryo  fibroblast  and  KB  cells* 

Tho  antigen  appears  in  the  cytoplasm  in  tho  Lraediato  vicinity  of  tho  nucleus, 
before  the  ap jus  ranee  of  cytoplasmic  inclusions.  Tho  nntigen  is  not  localised 
only  in  the  arc*.:  corresponding  to  tho  futuro  inclusions,  but  it  can  be  pre¬ 
sent  in  those  ?.rca3  a3  uelt# 

Research  carried  out  by  Carins  /&/  vith  Tini  .ino  shows i  that  tho  cyto¬ 
plasm  of  colls  infoctod  vith  vaccinal  virus  presents,  in  the  irenodiato  vici¬ 
nity  of  tha  nucleus,  some  centers  for  tho  synthesis  of  des'  yribonucleic 
acid.  Those  seen  to  correspond  to  the  future  cytoplasmic  inclusions.  Tho 
presence  of  tho  viral  antigen  dotectcd  through  i-vnmo  fluorescence  in  those 
very  aroas  shows  that  the  cytoplasm  inclusions  have  complete  virus  elo- 
mont ary  corpuscles.  This  reaffirms  the  claims  of  S.liicolau  who  maintains 
that  the  inclusions  contain  elomontary  coipuscloo* 

Mb  can  assume  that  tho  viral  anticon,  diftisoly  distributed  through¬ 
out  the  cytoplasm  oixopt  for  the  loeatlons  of  condensation  of  newly  formed 
nucloic  acid,  does  represent  only  incomplete  virus,  consisting  of  viral 


protein.  ap-cirancc  of 
labor  in  hit  win  cnbryo 


v r;y  rn'w '  pen  in  the  collular  nucleus  takes 
fibroblast  ar.1  KoLa  cells* 


....  1  —  *•  *  ,  *  - •••  »»  a  •  w  I1UVM  BIVIV 

obvious  in  tr.ese  -cc— .a  -r<  the  Ilsla  nn  hoan  ewbryo  fibroblast  colls* 


Cur  r'.-circh  car.-ied  cut  on  fibroblast  type  cells  shows  that  in 
'Vis  Vjo  oi  cells  the  cvalutior.  o.'  the  vaccinal  antigen  is  similar  to  that 
observed  in  epithelial  t:-7>  e  lls  /?/,  AV,  A?/.  Tndood,  v»o  observed  the 
*AUo.'.scjr,*  .v*.ti(»on  first  in  the  cytaplas.-.  and  only  la  tor  in  tho  nucleus* 


*no  »to  pivscn*-o;5  u'.\  that  in,  .nnoflnorosconeo  can  bo  used  to  dis¬ 
tinguish  tic  .'vcinal  iu.ir.cn  earlier  titan  tho  use  of  othor  mothodsj  this 
has  boon  pre  by  us  in  :•  revinus  articios  UJ./V.  n/. 


bh.lo,  by  i *.vir.o  iluores c 2 nee ,  th?  viral  rntigen  can  bo  visualised 
at  6-*  aours  after  infection  of  the  cells  tie  characteristic  oxyphil*  in¬ 
clusions  dyes  vith  hcrntojQ'lin-phloidn  appear  only  after  18-20  hours* 


2uv  henaglulinin  has  been  obsorved  in  thn  cellular  honoronato  after 
IR  hours,  ich  cor.fi ;rcj  tho  :ork  of  »irn  and  Scho-.er  /loJ,  Av»  who  point 
out  tho  late  appearance  of  tho  h ov.iplutinant  property* 


Conclusions 

?r.a  use  of  irejuiofluoroscencc  has  .vme  it  possible  to  distinguish 
tic  intracellular  viral  antigen  oarllcr  tiiar.  possible  with  othor  methods  of 
investigation. 

'*V?  .-.ntiger.  nrperrn  in  t.i?  c;to -Ins-,  of  Mela  colls  at  6  hours  aftor 
infection  ar. .  in  13  and  hur.-.n  fibroblast  cells  after  8  hours.  In  the  cel¬ 
lular  nucleus  the  or.  tigsn^  appears  at  Cm  horn's  in  KoLa  arid  Hunan  enbryo  fi¬ 
broblast  co Ms  and  at  16- lo  hours  in  tj:  ceils* 


hi s top.*. t  .olo-ical  Modifications  appear  after  12-16  hours  in  Hole 
and  K3  c^lls  and  after  16-16  hours  in  human  cnbryo  fibroblast  colls*  Cel¬ 
lular  inclusions  appear  at  16*18  hours  after  infection. 

The  infcctisv*  virus  has  been  distinguished  in  tho  cellular  homogenate 
at  IS  Hours  after  info: ti on. 

7no  heiiaglutinant  property  las  de tooted  only  at  U8  hours  after  infec¬ 
tion* 

Institute  of  Infroj.-.croblology  of  thu  Ruc-uilan  Academy  (Inatitutul  d«  iafra- 
ulercbiologic  al  Acadeclei  Rrpubllcil  Socialist*  Roaoniu). 

Kao  uicript  received  4  June  1966 
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NOT  REPRODUCIBLE 


Fic.  1.  Hunan  embryo  fibroblast  innoculated  with  vaccinal 
virus,  16  hours  after  infection.  Ob.  hO.  oc.  7. 


Fic.  2.  HoLa  cells,  12  hours  after  innoculation  with  vaccinal 
virus,  Cb.  to,  oc.7. 


\ 


I  NOT  REPRODUCIBLE 


Tig.  3.  HoLa  celir ,  2!<  hcurs  after  infection  with  vaccine 
virus.  Cb.  hO,  oc.  7. 


fij.  L.  K3  cells,  20  hours  after  infection  with  vaccinal 
virus.  Ob.  Lc,  oc,  7* 
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